p(CS 2 )/p(He) in the range of one percent. The gas mixture was expanded into the source region through an Even-Lavie pulsed valve (Type E.L.-7-4-2007-HRR) operated at 500 Hz. The resulting cold molecular beam was skimmed and crossed into a differentially pumped spectrometer region where the molecules were rotationally excited and multiphoton-ionized. Typical pressures in the source and spectrometer regions during operation were 10 −5 and 10 −7 mbar, respectively. Laser pulses for rotational alignment and multiphoton ionization were generated by a Ti:Sa oscillator (Spectra Physics, Tsunami, 60 fs pulses at 800 nm) and amplified by chirped-pulse amplification in a regenerative amplifier (Spectra Physics, Spitfire). Part of the amplifier output (approx. 1 mJ per pulse) was compressed to obtain pulses with a pulse duration of 1.5 ps for the rotational alignment of the CS 2 molecules. The remaining amplifier output (approx. 1.5 mJ per pulse) was compressed to obtain 80 fs pulses, which were subsequently frequency doubled and twice frequency mixed in BBO crystals to produce 200 nm pulses with sub-100 fs pulse duration. The 200 nm pulses were used for the multiphoton-ionization of the CS 2 molecules.
The 800 nm alignment laser pulses were attenuated to approximately 100 µJ and focussed by a spherical mirror with a focal length of 375 mm onto the molecular beam in the active region of a combined Wiley-McLaren time-of-flight mass spectrometer and magnetic-bottle electron spectrometer. The spectrometer and calibration procedures for mass and electron spectra are described in the literature (22) . The 200 nm ionization pulses were focussed by the same optic and were attenuated to yield an ion count rate in the range of 1-10 counts per shot. A motorized translation stage (Physik Instrumente M-531.DD with optical encoder and 0.1 µm resolution) controlled the time delay between the alignment and ionization pulses. Mass spectra and electron spectra were measured for a sequence of time delays, typically stepping the delay by 400 fs between each experimental point for a delay range of up to 2 ns.
Data Processing Techniques
To obtain the time domain alignment traces as shown in Fig. 2 and 3 , we integrated the ion signal of a chosen species (e.g., the mass range 75.8 to 76.2 u for the most abundant 32 S 12 C 32 S isotope).
The corresponding frequency domain rotational Raman spectra were generated using a discrete Fourier transform routine as implemented in Labview (National Instruments, Labview 4.0). In some cases we used zero padding and applied a Hamming window (S Hamm (t i ) = S(t i ) · (0.54 -0.46 · cos(2πi/N)) to the time domain signal (S(t i ); i = 0...N) before Fourier transformation to suppress frequency sidelobes and improve the performance of automated peak recognition routines. Rotational band positions were determined for all observed isotopic signals. The error bars for the band positions were determined by the experimental resolution of the measurement (inverse scan-length, e.g., 500 MHz for 2 ns scans; the experimentally observed width of the rotational bands was always very close to the expected resolution). Rotational constants were determined by a linear fit to the band positions in Origin 7.0 (OriginLab Corporation). A number of datasets were analyzed independently and rotational constants in Table 1 are the results of 3 (rows A and C), 2 (row B), or 1 (rows D to F) measurements with an identical delay range of 2 ns. We give the 95% confidence interval for all values in Table 1 and the text. The rotational spectra plotted in Fig. 2 , traces A, B, C, and in Fig. 3 stem from a single measurement and are the real amplitude spectra obtained by Fourier transform of the corresponding time domain alignment traces. The rotational spectra plotted in Fig. 2 , traces D, E, F, are the negative amplitudes of phase-weighted spectra as discussed in the context of Fig. 3 and stem from a different measurement with larger signal levels. The use of phase-weighted amplitudes allowed to remove the saturation artifacts and significantly improved the signal-to-noise ratio. The latter is due to a "phase filter effect": the random phase associated with noise creates random positive and negative phase-weighted noise; The integrated noise for multiple mass bins therefore becomes a value close to zero. Signals for the strongest 5 rotational bands of the respective isotope were summed to obtain the displayed mass and electron spectra. The electron spectra show that the isotopic composition has no discernible effect on the electronic structure of CS 2 .
